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CHEMICAL CONSTRUCTS 

Field of the Invention 

This invention relates to chemical constructs for use in solid phase synthesis, and to 
methods of analysis of the products of solid phase synthesis using the constructs. 

Background of the Invention 



Solid phase synthesis has been known for many years in the field of peptide synthesis 
and more recently has also been used increasingly for the synthesis of non-peptides. 

15 

Solid phase synthesis has found particular application in the field of combinatorial 
chemistry and the preparation of chemical libraries as potential sources of new leads for drug 
discovery, see for example Anthony W. Czarnik, Analytical Chemistry News and Features, June 
1, 1998, pp 378A-386A, and The Combinatorial Index, Barry A. Bunin, Academic Press, San 

20 Diego 1998. A feature of combinatorial chemistry methods is that they enable very large 

numbers of different compounds to be prepared from a relatively limited number of molecular 
building blocks in a relatively small number of reactions. Combinatorial chemistry makes use of 
the "split and pool" approach in which a suspension of chemical starting material tethered to a 
solid support is split into N portions, each of which is reacted with a different reagent. The 

25 products of the N reactions are then pooled and mixed thoroughly, the resulting pool is split into 
N' portions and again each portion is reacted with a different reagent. This procedure can be 
repeated as many times as there are steps in the reaction sequence. Thus, for a three step 
reaction sequence, if the reaction mixture is divided into ten portions at each stage, each of the 
pools being reacted with a different reagent before recombining with the other portions, the total 

30 number of compounds formed by the process will be 1 0 3 = 1 000. Thus it can be seen that by 
using the split and pool technique, a large number of different molecules can be synthesised 
using a minimal number of reactions (thirty in the case mentioned above). 



35 



Each individual solid support (e.g. a resin bead) will have a single product molecule 
tethered to it and hence, in principle, each of the reaction products can be separated and 
analysed or subjected to biological testing simply by isolating each single solid support and 




electing the product from the support. However, the large numbers of compounds generated h> 
combinatorial methods means that it can be impracticable to identify and characterise each 
compound Consequently, the compounds usually are first tested, either on the solid support or 
after cleaving from the support, and only those compounds, which show some biological 
5 activity, are subsequently identified. In order to minimise the number of biological tests carried 
out, compounds can be tested in pools containing a predetermined number of compounds, the 
inactive pools being discarded and the active pools being subject to further investigation. The 
biological activities of the compounds can be analysed using high throughput automated assay 
techniques permitting large numbers of compounds to be analysed in a short time. 

10 

One of the problems facing the chemist working with solid phase constructs is how to 
identify and characterise the various compounds in a combinatorial library since each compound 
will be present in the library in very small amounts, and there will usually be insufficient 
compound present on a given solid support to allow for both biological testing and identification 

15 of the compound. The resin beads typically used in the synthesis of combinatorial libraries are 
derived from cross-linked polystyrene resin and are usually of the order of 90jj.m and 250jjxn in 
diameter (i.e. just visible to the naked eye). The number of beads in a given mass or volume of 
resin will depend on the average bead size but, for example, with a bead size of 150pm 
diameter, there will be approximately 500 beads per milligram of bulk resin. Typical compound 

20 loadings on the beads are of the order of 0.1 to 0.4 mmol g" 1 and hence beads of the dimensions 
given above will tend to have individual compound loadings of about 1 nanomole of compound 
per bead. 

One known approach to the problem of how to identify the compounds in a 
25 combinatorial library is to provide each solid support with a coding tag from which the identity 
of the compound can be determined. Thus, for example, a coding tag can be built up in 
sequential steps on the solid support in parallel with the construction of the desired target 
compound, the coding tag reflecting the synthesis history of the product compound and being 
unique for each product compound. The coding tag is usually built up on the support using 
30 chemical reactions of a type which are orthogonal to the chemistry used to build up the product 
compound, thereby ensuring that the coding units and product compounds do not become 
confused. Once the product compound has been tested, and its biological activity confirmed, the 
coding tag can then be decoded to allow identification of the compound. 

35 In an alternative approach, as described in Geysen et ai, Chemistry & Biology, 1996, 

Vol. 3, No. 8, pp 679-688, and in WO 97/37953, coding tags such as isotopic labels can be 




incorporated into inter alia a linker group between the solid support and the substrate. This 
approach has the advantage that it does not require the formation of a separate coding tag using 
orthogonal chemistry and thereby reduces the overall number of synthesis steps involved. 

5 A further problem facing the solid phase chemist is the difficulty in quantifying the 

products of a given reaction sequence. In any solid phase synthesis procedure, whether or not 
part of a combinatorial procedure, it is important to be able to determine the optimal conditions 
for a given reaction step in a series of steps. It is also important to be able to monitor reactions, 
for example so that it can be determined whether a particular reaction has gone to completion. 

10 This is particularly important in a multistage solid phase synthesis where the failure of a given 
stage to proceed to completion can lead to the formation of side products thereby complicating 
what is otherwise a relatively straightforward separation procedure. Where multiple products 
are formed in a given reaction step or sequence of steps, or where a given reaction step has not 
proceeded to completion, it can be extremely useful to have a means of quantifying the reaction 

15 products, either in absolute terms, or in terms of the relative concentrations with respect to other 
reaction products. Where the products are produced in milligram quantities, quantitation can be 
carried out using a variety of instrumental techniques, for example nuclear magnetic resonance 
(nmr) spectroscopy. However, quantitation is much more difficult where the amount of product 
available for analysis may be as little as 1 nanomole. 

20 

Although both destructive and non-destructive analytical methods are known for 
determining the products of solid phase synthesis (see The Combinatorial Index, idem), one of 
the recognised problems with solid phase synthesis is that it is generally more difficult to 
monitor reactions than it is to monitor conventional solution-phase reactions; see for example the 

25 Czarnik paper referred to above. This is particularly true with the products of combinatorial 

chemistry methods where there is a need to use rapid high throughput techniques to analyse the 
large numbers of compounds generated by such methods. Techniques such as mass 
spectrometry are potentially ideally suited as a means of providing high throughput analyses, but 
a substantial problem is that not all compounds produce a guaranteed response under mass 

30 spectrometric conditions. Indeed, many compounds are "invisible" to the so-called "soft" 

methods of mass spectrometry such as Matrix-Assisted Laser-Desorption Ionisation (MALDI) 
and Electrospray mass spectrometry which are intended to detect molecular ions without causing 
significant fragmentation of the molecule. In this context, the term "soft " means mass spectral 
methods that give molecular ions and not merely fragments. One of the reasons for this is that 

35 under MALDI and electrospray conditions, many compounds, particularly peptides, do not 
ionise sufficiently well to give a detectable mass spectral response. 



Gci-stH el al. {idem, address this problem b> suggesting the introduction cf a readily 
ionisable basic centre such as lysine into the linker, and further suggest that the basic centre 
could be quaternised by alkylation during work up in order to give a charged group which would 
sensitise the construct to mass spectrometry analysis. How ever, one drawback of this approach 
5 is the need to protect the amine group during the various synthesis steps and the consequent 
need to deprotect the amine group prior to analysis. 

A development of the Geysen approach is disclosed in Carrasco et al. Tetrahedron 
Letters, 1 997, 38, No. 36, pp 633 1 -6334. Carrasco's method involves the formation of a 

1 0 construct comprising a resin bead linked via a first linker group to a group, which the authors 

refer to as an "ionisation tag". The "ionisation tag" in turn is linked via a second linker group to 
a substrate. The first and second linker groups are orthogonally cleavable; i.e. they can be 
selectively cleaved using different chemistries. In the specific example disclosed in Carrasco et 
ai, the first linker group is photochemically cleavable whilst the second linker group is 

1 5 chemically cleavable. The "ionisation tag" used by Carrasco is a tetrapeptide chain having the 
sequence (reading from the C-terminus) Gly-Phe-Lys-Ala, and having an N-(2- 
trimethylammonium)-acetyl group linked to the lysine. The purpose of the ionisation tag is 
twofold. Firstly, it provides an already ionised "sensitiser group" which enables the construct to 
be detected by matrix-assisted laser-desorption ionisation (MALDI) mass spectrometry, and 

20 secondly, it adds mass to the construct thereby enabling substrate molecules to be detected 
without being swamped or masked by low molecular weight peaks in the mass spectrum. 

As explained above, a further problem with solid phase syntheses, particularly 
combinatorial syntheses, or other reaction sequences in which relatively small amounts of 
25 product are formed, concerns the difficulty in accurately quantifying the products of the 

reaction, particularly when the amounts of product are as little asl nanomole. Although mass 
spectrometry is highly suitable for identifying the products of a reaction, it is not generally 
suitable as a means of measuring either absolute concentrations of products, or the relative 
concentrations of products in a mixture. 



30 



Summary of the Invention 



It is an object of the present invention to provide a means of monitoring chemical 
reactions on solid supports which avoids problems inherent in known methods and which 
35 provides a means of quantitatively analysing the products of solid phase synthetic techniques. It 
is a further object of the invention to provide a means of quantitatively analysing the products of 





a solid phase synthesis where the amounts of product available for analysis are as little as 1 
^ nanomole. 

Accordingly, in a first aspect, the invention provides a method of analysis of a solid 
5 phase construct; which method comprises: 



thereto via a connecting group Y a substrate R; the connecting group Y having first and second 
cleavage sites which are orthogonally and selectively cleavable; the second cleavage site being 
selectively cleavable to release the substrate; and the first cleavage site being located at a 
1 0 position between the second cleavage site and the solid support and being selectively cleavable 
to release a fragment Fr u comprising the substrate and at least a portion of the connecting group 
Y, wherein the said portion contains a chromophore C u which facilitates analysis of the fragment 
Fr u by ultra violet, visible or fluorescence spectrophotometry; 



15 Fr u ; and 

(iii) subjecting the fragment Fr u to ultra violet, visible or fluorescence 
spectrophotometric analysis to quantify the substrate R. 

In accordance with the method of the invention, the spectrophotometric analysis may be 
20 used to determine either the absolute amount of substrate R present in a given sample, or it may 
be used to determine the relative amount (e.g. in terms of a molar ratio) of substrate R present 
relative to another component (e.g. where more than one substrate R is present) in the sample. 
References to methods of quantifying the substrate R in this application include both absolute 
determination and relative determination, unless the context indicates otherwise. 



In order to ensure that any chromophores present in the substrate R do not interfere with 
the analysis, the chromophore is typically selected such that it has a substantial absorption band 
that distinguishes it from the substrate. Thus, for example, the absorption band may be remote 
from any significant absorption bands in the substrate. Alternatively, the absorption band in the 
30 chromophore may be of such an intensity that it effectively swamps any overlapping band in the 
substrate. It is preferred that the chromophore C u has a principal log value of at least 2.5. It 
is further preferred that the principal log E max value is at least 1 .5 times greater than the principal 
log E msLX of the substrate R. 



(0 



providing a chemical construct comprising a solid support Q having linked 



(ii) 



cleaving the connecting group at the first cleavage site to release the fragment 



25 



35 



Preferably the spectrophotometric analysis is carried out at a wavelength(s) in the 
ultraviolet region of the spectrum. 




The relationship between the absorption of visible or I'Y radiation by a compound in 
solution and the concentration of the compound is defined by the Beer-Lambert law which can 
be expressed by the formula £ = A/cl where A is the absorbance or optical density of a sample 
5 solution, c is the molar concentration, / is the path length of the sample, and E is the molar 

absorptivity . The molar absorptivity E is constant for a given compound at a given wavelength 
and is usually expressed as E^ - the molar absorptivity at an absorption band maximum. The 
values for E or E^ are typically expressed in units of 10* 2 m 2 mol 1 and, unless indicated 
otherwise, references to E or E max values herein will refer to such units. Since E or E^ values 
10 can be very large, the logarithmic equivalent is often used and such logarithmic equivalents are 
referred to herein as log E max values. 

A given compound will often have significant absorption peaks or bands at several 
different wavelengths and hence can often be defined with reference to several E max values. In 

1 5 the context of the present invention, the term "principal E max " is used to denote the E^ at the 
wavelength at which the greatest absorbance occurs. Thus, in the constructs of the present 
invention, the chromophore C u preferably has a principle log E max value of at least 2.5 and 
typically has a principal log E max value which is at least 1.5 times greater than the principal Emax 
of the substrate R. More typically however, the chromophore C u has a principal log E^ that is 

20 at least 2, more usually 2.5, and preferably 3 times greater than the principal log E max of the 
substrate R. 

Although analysis of the compounds can be effected by measuring absorbance at a 
principal maximum, measurement of side bands or lesser maxima may be used instead to 
25 determine the amount of compound present. In general, the wavelength at which the 

measurement is taken will depend on the precise absorption characteristics of the substrate R 
and the chromophore C u , and can be determined on a case by case basis. 

The chromophore C u may be distinguished from any chromophores in the substrate in 
30 that it may possess an absorption band which is remote from any significant absorption bands. 
By this is meant that the absorption band of the chromophore is remote from, and does not 
overlap to any significant extent (e.g. less than 5% overlap with respect to the area under the 
curve (a.u.c.) of the respective absorption peaks) with any significant absorptions due to the 
substrate R. A significant absorption in the present context means an absorption having a log E 
35 value of 1 or more. 
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In a further aspect, the invention provides a chemical construct for use in solid phase 
synthesis comprising a solid support Q having linked thereto via a connecting group Y a 
substrate R; the connecting group Y having first and second cleavage sites which are 
orthogonally and selectively cleavable; the second cleavage site being selectively cleavable to 
5 release the substrate; and the first cleavage site being located at a position between the second 
cleavage site and the solid support and being selectively cleavable to release a fragment Fr u 
comprising the substrate and at least a portion of the connecting group Y, wherein the said 
portion contains a chromophore C u which facilitates analysis of the fragment Fr u by ultra violet, 
visible or fluorescence spectrophotometry (preferably ultraviolet pectrophotometry), the 
10 chromophore C u having a principal log E max value of at least 2.5 and wherein (i) the principal log 
Emax value is at least 1.5 times greater than the principal log E max of the substrate R; or (ii) , the 
chromophore C u has an absorption peak at a wavelength remote from absorptions due to the 
substrate R. 



1 5 The presence of a UV chromophore in the construct enables quantitation of the products 

of a synthesis to be carried out. Such quantitation can be (i) absolute quantitation or (ii) relative 
quantitation, or both. By absolute quantitation is meant that the absolute concentrations of a 
substrate molecule or fragment or construct containing the substrate molecule can be 
determined, whereas the term " relative quantitation" is used herein to mean the determination 

20 of the amount of a substrate (or fragment or construct containing the substrate) relative to 

another component (such as a side product or starting material or another substrate) in a reaction 
mixture. 



The UV chromophore is typically selected such that it has a very strong absorption at a 
25 unique or characteristic wavelength, which is usually distinct from the wavelengths at which the 
maximum absorbences of a typical substrate molecule might be found. However, in cases where 
the absorption of the chromophore is very large relative to the substrate or substrate R, the 
overlapping of absorptions due to the substrate and the chromophore may have a minimal 
impact on the accuracy of the measurement of the quantity of substrate. In general, overlapping 
30 absorption bands should not prevent meaningful analyses to be carried out provided that any 

error introduced is less than about 10% and preferably no more than about 5%. Accordingly, as 
an alternative to defining the chromophore in terms of relative absorbances and absolute molar 
absorption values, the chromophore C, and its relationship with the absorption due to the 
substrate can be defined in terms of the degree of error arising from any overlap between the 
35 absorption bands of the substrate R and the chromophore. 



s 



Thus, in a further aspect, the invention provides a chemical construct for use in solid 
phase synthesis comprising a solid support Q having linked thereto via a connecting group Y a 
substrate R; the connecting group Y ha\ ing first and second cleavage sites which are 
orthogonally and selectively cleavable; the second cleavage site being selectively cleavable to 
5 release the substrate; and the first cleavage site being located at a position between the second 
cleavage site and the solid support and being selectively cleavable to release a fragment Fr u 
comprising the substrate and at least a portion of the connecting group Y, wherein the said 
portion contains a chromophore C u which facilitates analysis of the fragment Fr u by ultra violet, 
visible or fluorescence spectroscopy, wherein the absorption characteristics of the chromophore 
1 0 C u and the substrate R are such that at a given measurement wavelength, any errors in 
measurement of the quantity of substrate R (or any fragment or construct containing the 
fragment) arising from any overlap between absorption bands due to the chromophore and 
absorption bands due to the substrate R are less than 10% and preferably less than 5%. 

1 5 Examples of chromophores are groups containing an aryl group, preferably a fused 

polycyclic aryl group, e.g. a C 6 - C 30 polycyclic aryl group in which one or more (e.g. 1, 2, or 3) 
ring carbon atoms are optionally replaced by a heteroatom such as nitrogen, sulphur or oxygen. 
Examples of polycyclic aryl groups are polycyclic hydrocarbons such as naphthyl, phenanthrenyl 
and anthracenyl groups, and polycyclic heteroaryl groups such as acridine, or phenanthroline. 

20 Such aryl groups or polycylclic groups can be optionally substituted, preferably with a 

substituent or substituents which is or are inert and/or non-interfering with regard to the reaction 
conditions employed in a given reaction scheme. Examples of such substituent groups include 
alkyl and alkoxy (e.g. alkyl and alkoxy having from 1 to 20 carbon atoms, preferably from 1 to 6 
carbons), each optionally containing one or more unsaturated linkages, and being optionally 

25 interrupted by one or more heteroatoms selected from oxygen, nitrogen and sulphur; amino 

(preferably protected amino or mono-or disubstituted amino, e.g. dimethylamino); halogen such 
as fluoro, chloro, bromo and iodo; alkylthio (e.g. Ci_ 2 o alkylthio, preferably C\^), hydroxy, 
protected (e.g. acylated) hydroxy, thio, protected (e.g. acylated) thio, trifluoromethyl, nitro, 
alkylsulphonyl, aryl (e.g. optionally substituted phenyl, thienyl, furanyl), and arylalkyl (e.g. 

30 benzyl and phenethyl). 

Other examples of chromophores include highly conjugated aryl or non-aryl systems, 
provided that such compounds are inert under the synthetic conditions employed in the solid 
phase chemistry, and so-called "push-pull" systems of the type G-J-M wherein G is an electron- 
35 donating group (e.g. amino or alkoxy), J is an conjugated array of multiple, e.g. double, bonds, 
and M is an electron withdrawing group (e.g. nitro or sulphonyl), the groups G and M being 



9 




electronically linked through the conjugated array of multiple bonds. One example of such as 
chromophore is the dansy) ( 1 -dimethylamino-5-naphthylsulphonyl) group. 

The precise nature of the chromophore, its chemical properties and its absorbance 
5 characteristics, can be determined on a case by case basis depending upon the type of chemistry 
to be used in a given synthesis. It is most preferred however, that the chromophore is inert to the 
reactants and reaction conditions employed in the synthesis. 

Presently preferred chromophores include anthracenyl and dansyl (5-dimethylamino-l- 
1 0 naphthylsulphonyi groups, anthracenyl being particularly preferred. 

The quantitation of the substrate R can be either absolute quantitation or relative 
quantitation in which the relative amounts of the substrate R and another component in the 
synthesis mixture (e.g. another substrate, or starting material, or a side product for example) are 
1 5 determined. Relative quantitation makes use of the fact that the chromophore C u confers on 
each substrate a common set of characteristic absorbances that can be used as the basis for the 
spectrophotometric analysis. 

In one embodiment of the invention, the analysis is carried out on a single bead, or a 
20 small number of beads, for example from 1 to 20 beads, more usually less than ten beads. Such 
beads typically have an average diameter in the range from 90u.m to 250u,m and a compound 
loading of between 0.1 mmol g" 1 and 0.4 mmol g -1 average loading of an individual bead is less 
than 10 nanomoles, for example less than 5 nanomoles, e.g. approximately 1 nanomole. 

25 Accordingly, in one preferred embodiment, the invention provides a method of analysis 

of a solid phase construct; which method comprises: 

(i) providing a chemical construct comprising a solid support Q (e.g. a resin bead 
having an average diameter in the range from 90jam to 250}jm) having linked thereto via a 
connecting group Y a substrate R, the substrate R being present on each solid support in an 

30 amount of no more than 10 nanomoles, for example less than 5 nanomoles, e.g. less than 2 
nanomoles; the connecting group Y having first and second cleavage sites which are 
orthogonally and selectively cieavable; the second cleavage site being selectively cleavable to 
release the substrate; and the first cleavage site being located at a position between the second 
cleavage site and the solid support and being selectively cleavable to release a fragment Fr u 

35 comprising the substrate and at least a portion of the connecting group Y, wherein the said 
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portion contains a chromophore C" which facilitates ana!\sis of the fragment Fr b> ultra \iolet. 
visible or fluorescence spectrophotometry; 

(ii) isolating a solid support, or a plurality- of solid supports not exceeding 20 in 
number (for example less than 10, more particularly less than 5, e.g. 1 solid support); 

5 ( ii) treating the solid support(s) to cleave the connecting group at the first cleavage 

site to release the fragment Fr u containing the substrate R; and 

(iii) subjecting the fragment Fr 11 to ultra violet, visible or fluorescence 
spectrophotometric analysis to quantify' the substrate R. 

10 A significant advantage of the use of the UV chromophore-containing constructs of the 

present invention is that they can be used to provide quantitative information on very small amounts 
of substrate compounds, for example amounts of the order of 1 nanomolar typically available from 
single resin beads of the size used in split and mix combinatorial methods. In combinatorial 
libraries formed by the split and mix method, each bead typically will contain only a single substrate 

1 5 compound, but a library will contain a plurality of beads bearing different substrates. The analysis 
of mixtures of beads bearing different substrates is problematical and hence it is generally necessary 
to carry out analyses on single beads. The constructs of the present invention enable analysis to 
carried out efficiently and accurately at the single bead level, and in particular with beads of a size 
of the order of 90jim to 250um in diameter with loadings of the order of 0.1- 0.4 mmol g- 1 . 

20 

The incorporation of a chromophore into the connecting group Y enables the substrate 
to be subjected to quantitative analysis. However, it is preferred that the fragment Fr u also 
contains a mass spectroscopic sensitising group G as well as the chromophore C u in order to 
facilitate qualitative analysis of the substrate as well as quantitative analysis. 

25 

The sensitising group G renders the fragment Fr, and hence indirectly the substrate R, 
more sensitive to analysis by mass spectrometric techniques. Thus the sensitising group can be a 
group which is readily ionisable under the conditions encountered in a mass spectrometer, and in 
particular electrospray mass spectrometry, to afford a strong signal. The inclusion of ionisable 
30 sensitising groups serves to ensure that the fragment is ionised sufficiently in the mass 

spectrometer to give a strong response. This overcomes a problem inherent in many molecules 
synthesised by solid phase methods where a suitable ionising group is not present and analysis 
by high throughput mass spectral techniques is problematical. 
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The ionisable group can be for example a basic amino group or a carboxylate group but 
preferably it is a basic amino group. It will be appreciated that the term "basic amino group" as 
used herein refers in particular to an amino group, which is readily protonated. 

5 The basic amino group can be a primary amino group, a secondary amino group, or a 

tertiary amino group. Where the basic amino group is a tertiary amino group, it can be for 
example, a cyclic amino group such as piperidino, piperazino, pyrrolidino, or morpholino, 
piperidino or piperazino (e.g.N-methylpiperazino) being presently preferred. 

1 0 In one preferred embodiment of the invention, the chemical construct is configured such 

that cleavage at the first cleavage site forms or introduces on the chemical fragment Fr u at the 
first cleavage site a moiety comprising the mass spectral or other sensitising group G. It will be 
recognised that In such constructs, the sensitising group G is formed or introduced by cleavage 
of the "skeleton" of the construct, and not by cleavage of a side chain or removal of a protecting 

1 5 group from a pendant sensitising group. An advantage of forming the sensitising group G in this 
way is that it avoids the potential problem of a pre-existing or pre-formed sensitising group 
interfering with the chemistry of the construct. Moreover, it avoids the need to have the 
sensitising group independently protected thereby obviating the additional problem of de- 
protection, a requirement which could limit the types of chemistry available to the chemist for 

20 cleavage at the first and second cleavage sites. Thus, for example, if a protected pendant 
sensitising group were present, and for example the conditions required for de-protection 
involved the use of an acid such as trifluoroacetic acid, then this would effectively prevent the 
use of an acid labile cleavage site as the second cleavage site linking the substrate to the rest of 
the construct. The constructs of the invention avoid such problems. 

25 

The atoms or functional group making up the sensitising group G can be present in a 
masked form in the construct before cleavage of the fragment Fr u from the resin, the cleavage 
conditions merely serving to unmask the sensitising group G. Alternatively, the atoms or 
functional group making up or containing the sensitising group G can be introduced at the 
30 cleavage site during the cleavage reaction. For example, where the sensitising group is a basic 
amino group, the nitrogen atom of the amino group can be present in the construct before 
cleavage, or it can be introduced during the cleavage reaction. 
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When the sensitising group G is introduced from an external source during the cleavage 
reaction, it can form part of a larger chemical moiety. For example, the group G can be 
introduced as part of a group X-G wherein X is the residue of a nucleophile or electrophile, for 



example a nitrogen cr sulphur-based nucleophilic group, e.g. a group of the formula G-AIk-Nuc 
wherein Alk is an alkylene group (e.g. a C : . : , and preferably C : .* alkylene group) optionally 
interrupted b\ one or more hctcroatoms selected from oxygen, nitrogen and sulphur, and Nuc is 
a nucleophile. such as an amine (e.g. NH or NR' where R' is a Ci. 6 alky 1 group) or a thiolate 
5 group. 

It is preferred that the chemical fragment Fr u contains a means for imparting a 
characteristic signature to the mass spectrum of the fragment. The signature can advantageously 
be provided by incorporating into the fragment a "peak splitting" isotopic label. The peak 

10 splitting isotopic label comprises at least one atom that exists in a number of stable isotopic 
forms. By isotopic labelling of one or more particular atoms in the fragment Fr u such that a 
given atom is labelled with a mixture of isotopes, the mass spectra of the molecular ions will 
appear as a characteristic pattern, the precise pattern depending on the relative amounts of the 
individual isotopes. Thus, for example, if a given atom in the fragment Fr is labelled such that 

1 5 50% of the atoms are of one isotopic form and 50% are of another isotopic form, the mass 
spectrum will show the molecular ion as a characteristic doublet in which the peaks are of 
approximately equal height. 

The purpose of the peak splitting atom(s) is to provide a characteristic pattern, which 
20 will characterise any peak in the mass spectrum originating from the analytical fragment Fr, 
thereby distinguishing such peaks from those due to extraneous materials. 

Examples of atoms that can be used as isotopic peak splitting labels include ! H/ 2 H (D), 
79 Br/ 8, Br, 12 C/ 13 C, I4 N/ l5 N and 16 0/ 18 0. 

25 

The fragment Fr u can contain a single peak splitting isotopic label or more than one such 
label. For example, the isotopic label can be a single bromine atom in which case the peak for 
the molecular ion of the analytical fragment Fr u liberated following cleavage from the solid 
support will appear as a doublet. By introducing a second or subsequent peak splitting label(s), 
30 a more complex peak pattern will be produced for the molecular ion. 

The isotopic peak splitting label(s) preferably is/are located between the first and second 
cleavage sites. 



The first and second cleavage sites can be defined by first and second linker groups L 1 
and L 2 . A "spacer group" A can be interposed between the two linker groups L 1 and L 2 , the 



# # 

13 



spacer group A containing or having linked thereto the UV chromophore C u . The group A 
typically also contains an isotopic peak splitting label. Accordingly, in one preferred 
embodiment of the invention, there is provided a chemical construct as hereinbefore defined 
wherein the connecting group Y has the formula L ] -A-L 2 ; wherein L 1 is a first linker group 
5 defining the first cleavage site; A is a chemical group (the spacer group) containing or having 
linked thereto the UV chromophore C u , and optionally containing a peak splitting isotopic 
label; and L 2 is a second linker group defining the second cleavage site. 

The first and second cleavage sites are orthogonally and selectively cleavable; i.e. the 
1 0 conditions used to effect cleavage at one of the cleavage sites will not cleave the other. A wide 
variety of different types of cleavage reaction can be used, examples being reactions selected 
from acid catalysed cleavage, base catalysed cleavage, oxidative cleavage, reductive cleavage, 
nucleophilic displacement, electrophilic displacement, and thermal, photochemical and 
enzymatic cleavage. 

15 

Thus, in a preferred embodiment, there is provided a chemical construct as hereinbefore 
defined wherein the first cleavage site is selectively cleavable by one type of chemistry selected 
from a group of chemistries consisting of cleavage under acid conditions, base catalysed 
cleavage, oxidative cleavage, reductive cleavage, nucleophilic displacement, electrophilic 
20 displacement, and thermal or enzymatic cleavage, and the second cleavage site is selectively 
cleavable by a different type of chemistry selected from the said group. 

Either the first or second cleavage sites/linkers, or both, can be of the "safety catch" 
variety; i.e. the cleavage site or linker group must be chemically modified in a first step before it 

25 can be subjected to cleavage in a second step. An advantage of such an arrangement is that it 
prevents or significantly reduces the possibility of cleavage taking place inadvertently. One 
example of a "safety catch" mechanism involves oxidation of a functional group in a first step, 
the oxidation serving to make the functional group more amenable to displacement by a 
nucleophile in a subsequent cleavage step. The nucleophile can vary considerably in structure. 

30 For example, in one embodiment, the nucleophile can be an amino group-containing 

nucleophile), the amino group participating in the nucleophilic displacement action such that the 
amino group is attached directly to the cleavage site. Alternatively, in another embodiment, the 
amino group (or other sensitising group) can be present in a group (e.g. a dialkylaminoalkyl- 
thiolate anion) containing another nucleophile such as a sulphur nucleophile, which becomes 

35 attached to the cleavage site. 
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Examples cf linkers thai can be selective!} cleaved under acidic conditions include 
appropriateK substituted benz> loxycarboin I groups and appropriately substituted diphenyl- 
mclh\laininu groups, both of which can be cleaved by the action of trifluoroacetic acid. 

5 Particular examples of acid cleavable linker groups are set forth in The Combinatorial 

Index, Barry A. Bunin, Academic Press, San Diego 1998, the disclosure of which is 
incorporated herein by reference. Linkers of the "Rink" or "Knorr" type typically comprise an 
N-protected I-amino-l,l-diphenylmethane moiety, the amino group when deprotected allowing 
attachment to a substrate, one of the phenyl rings being substituted for example with dimethoxy 

1 0 groups and the other having a carboxyalkyloxy substituent providing a second point of 
attachment. Cleavage with TFA gives rise to a substrate compound having a terminal 
carboxamido group. Linkers of the "Wang" type typically contain a substituted phenoxyacetyl 
group, the acetyl group providing one point of attachment, and a benzylic hydroxy! group on the 
phenyl ring forming a second point of attachment. Esters can be formed between a carboxyl 

1 5 group of a substrate and the benzylic hydroxyl group, the ester groups being subsequently 
cleavable with TFA to release a substrate compound having a terminal carboxylate group. 

Examples of linker groups that can be cleaved by nucleophilic displacement include 
sulphonamide linker groups in which the aryl (e.g. phenyl) ring of the sulphonamide contains an 

20 electron withdrawing group such as a nitro group, preferably in the ortho position of the aryl 
ring. Cleavage of the linker between the amino and sulphonyl moieties can be effected by a 
nucleophile such as a thiol or thiolate nucleophile in the presence of a base such as 1,8- 
diazobicyco[5.4.0]undec-7-ene (DBU), morpholine or sodium carbonate. Further examples of 
groups that can be cleaved by nucleophilic displacement include mercaptopyrimidine-based 

25 "safety catch" linkers such as 5-carboxy-2-mercaptopyrimidine, where cleavage can be effected 
by reacting under oxidising conditions to generate a sulphoxide or sulphone linkage, followed 
by reaction with a nucleophilic amino group to form a 2-aminopyrimidine. Such linkers can be 
cleaved, for example, by reaction with a cyclic amine such as piperidine or an N-substituted 
piperazine (e.g.N-methylpiperazine), or an amino group-containing thiolate nucleophile (e.g. 

30 dimethylaminoethylthiolate) after first oxidising with an oxidising agent, preferably a realtively 
mild oxidising agent such as a per-acid or an inorganic per-salt such as potassium 
peroxymonosulphate (e.g. "Oxone"). 

Examples of linkers that can be selectively cleaved under basic conditions include 
35 groups containing ester linkages. 
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In one embodiment of the invention, the first cleavage site (which can be , for example, 
defined by a sulphonamide linker) is selectively cleavable by nucleophilic displacement and the 
second cleavage site (which can be, for example, defined by a Rink linker) is selectively 
cleavable under acidic conditions. 

In another embodiment of the invention, the first cleavage site (which can be defined by, 
for example, an ester linkage) is selectively cleavable by base and the second cleavage site 
(which can be, for example, defined by a Rink linker) is selectively cleaved under acidic 
conditions. 



By making the first and second cleavage sites, e.g. as defined by the first and second 
linker groups L 1 , L 2 , orthogonally cleavable, it is possible selectively to separate from the 
construct either the chemical fragment Fr u or the substrate R, simply by using different cleavage 
conditions. This means that during experiments designed to optimise the conditions for a 

1 5 particular reaction step, the chemist can subject the construct to conditions suitable for cleaving 
off the analytical fragment Fr u thereby allowing analysis to be carried out to determine the 
outcome of each test reaction. Similarly, during a preparative reaction (e.g. preparation of a 
combinatorial library or subsequent preparative reactions such as scale-up reaction or 
commercial production), quality control (QC) can be carried out by removing a number of 

20 individual solid supports from the reaction vessel, cleaving the constructs at the first cleavage 
site and analysing the resulting fragment Fr u to see whether a particular reaction step has 
worked. On the other hand, by cleaving at the second cleavage site e.g. on the second linker 
group, rather than the first, the substrate R is released from the solid support. Thus, an 
advantage of the constructs of the present invention is that they can be used both at an 

25 experimental level to optimise a particular process step or for QC purposes, and also at a 

preparative level to release exclusively the substrate for screening purposes, without modifying 
the linker groups. 

In one embodiment of the invention, the fragment Fr u , and more preferably the spacer 
30 group A contains an alkylene diamine group or aminoalkoxy group. The precise size of the 

alkylene group and its degree of substitution is not currently considered to be important, but by 
way of example the chain could be from 2 to 30 carbon atoms in length, for example up to 20 
carbon atoms, more typically less than 10 carbon atoms, particular examples being ethylene or 
propylene diamine or amino alcohol groups which may be substituted or unsubstituted. The 
35 alkylene diamine group or amino alcohol typically contains a peak splitting isotopic label as 
hereinbefore defined. The two amino groups can each be bonded to respectively the first and 



second linker grcups. In order to increase the mass of the spacer group A. the a!k>lene diamine 
group can be substituted by an arvl group, tor example an N-aryl group such as an N-benzyl 
croup. The N-ar>l group may optionally be substituted with one or more substituent gruups. 

5 The chromophore C L may be formed as an integral part of the backbone or skeleton of 

the fragment Fr u (e.g. as part of the spacer group A), or it can be a pendant group. Thus, for 
example, when it is a pendant group, it can be linked to A either directly or via an alkylene chain 
(e.g. of 1 to 6 carbon atoms) optionally interrupted by one or more oxygen, nitrogen or sulphur 
atoms, or by means of an ether, thioether, amide, sulphonamide or ester linkage. Where the 
1 0 spacer group A contains an alkylene diamine group or aminoalkoxy group, the chromophore C u 
can, for example, be linked (directly or via an optionally interrupted alkylene chain as 
hereinbefore defined) to the nitrogen atom of the, or one the, amino groups. For example, the 
chromophore C u can be linked to the nitrogen atom by means of an ethylene or propylene chain 
or by a sulphonyl group. 

15 

Where, as is preferred, the spacer group contains one or more mass-spectral peak 
splitting isotopic labels, these can be located either in the alkylene chain or in a substituent 
group attached to the alkylene chain. Thus, for example, an N-benzyl group bonded to one of 
the two amino groups in an alkylenediamine can have a methylene group, which is substituted 

20 with the peak splitting atom deuterium. Alternatively, an aryl ring (e.g. an N-benzyl group) 

present in a substituent on the alkylene diamine can be substituted with a peak splitting bromine 
atom, one particular example of an aryl group being an N-obromobenzyl group. In compounds 
where a substituent such as a benzyl group is attached to one of the amino groups of an alkylene 
diamine spacer group A, the chromophore C u can be linked, directly or indirectly, to the other of 

25 the amino groups. In one currently preferred embodiment, the chromophore C u is a polycyclic 

aryl group such as an anthracenyl or phenanthrenyl group linked to a nitrogen atom at one end of 
the diamine spacer group. 

Although alkylene diamine and amino alcohol groups are given as specific examples of 
30 spacer groups, alternative spacer groups can be used. For example, the spacer groups can be 
formed from hydrocarbon chains containing up to thirty or more carbon atoms in the chain 
which can be optionally interrupted with one or more heteroatoms such as oxygen, nitrogen or 
sulphur. As a further alternative, the spacer can be for example a peptide chain containing one 
or more amino acids. The precise nature and length of the spacer is not currently considered to 
35 be important provided that the spacer does not interfere with the chemistry of the construct. 
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The solid support Q can be any type of solid support suitable for use in solid phase 
synthesis, and in particular combinatorial chemistry. Thus, purely by way of example, the solid 
support can take the form of beads, a solid surface, solid substrates, particles, pellets, discs, 
capillaries, hollow fibres, needles, solid f.bres, or organic or inorganic gels such as silica gels, 
and insoluble organic particles such as particles formed from fullerenes. 

Examples of beads are polymeric beads such as cellulose beads or resin beads, particular 
examples of materials from which resin beads can be prepared including functionalised polymer 
resins such as polystyrene resins, polyacrylamide resins and dimethylacrylamide resins. 
Examples of suitable supports are listed in The Combinatorial Index by Barry A. Bunin, referred 
to above. 



As set out hereinabove, the invention also provides a method of analysing the constructs 
hereinbefore defined; the method comprising cleaving the construct at the first cleavage site to 
1 5 release the chemical fragment Fr u and subjecting the fragment to UV, visible or fluorescence 
spectrometric analysis, for example quantitative UV analysis. 

The cleavage products can be subjected to chromatography, preferably a liquid 
chromatography technique such as HPLC, using a UV detector which can be set up to provide a 

20 means of determining concentrations of the various compounds as they elute from the 
chromatography column. The chromatography column can in turn be linked to another 
instrumental means of analysis for the purpose of identifying the substrate. A preferred means 
of instrumental analysis is mass spectroscopic analysis, and thus the method and constructs of 
the invention afford a means of means of achieving both identification and quantitation of the 

25 substrate in a single linked series of analytical procedures 

Preferably, the mass spectrometric analysis is a "soft" mass spectrometric technique 
such as MALD1 or electrospray or ion cyclotron mass spectrometry. In this embodiment, the 
construct typically contains a mass spectrometric sensitising group as hereinbefore defined. 



In a particularly preferred embodiment, the construct is configured such that cleavage at 
the fust cleavage site generates on the chemical fragment Fr u a mass spectrometric sensitising 
group (e.g. a group which is ionisable under mass spectroscopic conditions), and then subjecting 
the chemical fragment to mass spectrometry, e.g. electrospray mass spectrometry. 
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The anaivsis of the fragment Fr provides information on the reaction history of the 
construct. Thus, by mass spectrometry analysis, it can readily be determined whether or not the 
desired substrate has been formed in a given reaction sequence. Analysis of the fragment Fr u 
can therefore be used not only to characterise the substrate or product of the solid phase reaction 
5 sequence, but also to follow the progress of the reactions. Quantitation of the reaction products 
is achieved by means of the UV chromophore. 

In a further aspect, the invention provides an intermediate chemical construct for use 
preparing a chemical construct as hereinbefore defined, the intermediate construct having the 
1 0 formula Q-Y' wherein V is a reactive or protected form of the group Y, and Q and Y are as 
hereinbefore defined. 

In a still further aspect, the invention provides an intermediate construct of the formula 
Q-L j -A p wherein Q and L 1 are as hereinbefore defined and A p is a reactive or protected form of 
1 5 the spacer group A containing a chromophore C u and optionally a splitting isotopic label. In a 
particular embodiment, the intermediate construct has the general formula Q-L ! -N(Alk - C u )- 
Alk-NH-X ! wherein A lk is an alkylene group and X 1 is hydrogen or an aralkyl group. The 
intermediate construct is preferably isotopically labelled with a peak splitting combination of 
atoms such as 'H/H 2 (D), 79 Br/ 81 Br, 12 C/ I3 C, 14 N/ 15 N and l6 0/ 18 0. 

20 

The invention further provides a method of identifying a pharmaceutically useful 
substrate comprising preparing a library containing a plurality of chemical constructs as 
hereinbefore defined and subjecting the library to biological testing to identify biologically 
active substrates. The method may include the further step of formulating a biologically active 
25 substrate thus identified with a pharmaceutically acceptable carrier to form a pharmaceutical 
composition. 

Description of Illustrative Embodiments 

30 The invention will now be illustrated but not limited by reference to the following 

examples. 

EXAMPLE 1 

Preparation of a Construct Containing an Anthracenvl UV Chromophore 

35 

In order to demonstrate that UV spectrometry can be used to provide accurate 
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quantitative information about the products of solid phase reactions, a construct containing an 
anthracenyl UV chromophore was prepared according to the synthetic route shown in Schemes 
1 , 2 and 3 below. The construct was provided with a sulphonamide linker at the first cleavage 
site and a Rink linker at the second cleavage site, an ethylene diamine chain connecting the two 
linkers and the two nitrogen atoms of the diamine chain serving as the points of attachment of 
the UV chromophore and either a peak splitting deuterium labelled benzyl group or an 
unlabelled benzyl group. 

Scheme 1 below illustrates the synthesis of a non-resin bound intermediate construct, 
Scheme 2 illustrates the attachment of the construct of Scheme 1 to a resin support and 
subsequent reactions on the resin, and Scheme 3 illustrates the attachment of different substrate 
groups to the constructs and subsequent cleavage experiments. In the experimental section 
below, the compound numbers used relate to the compounds identified in Schemes 1, 2 and 3. 



Scheme 1 



MeOOC 




Experimental for Scheme 1 
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12 X = 1 H, 'Hand 2H, *H 



Preparation of Compound 12 ( X = *H, l H) 

1 5 Dry triethylamine (25 u.1, 0.2 mmol) was added to a solution of the amine (X=H, H) (11) 

(0.05 mmol) in dry dichloromethane (1 ml). A solution of 2-nitro-4-memylbenzoatesulfonyl 
chloride (10) (25 mg, 0.1 mmol) in dry dichloromethane (0.5 ml) was then added dropwise and the 
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mixture stirred for 15 minutes. The solvent was evaporated in vacuo and the residue purified by 
flash chromatography using 2:1 hexane/ethyl acetate as eluent to afford the sulphonamide (12) (23.3 
mg, 95%) as a colourless oil, R f 1 7/50 [hexane-ethyl acetate (2: 1 )]; (Found: C, 53.7; H. 5.4: N, 8.4; 
S, 6 5. C :2 H 27 N 3 0 8 S requires C 53.5; H, 5.5: N, 8.5; S, 6.5%); 6 H (DMSO-d 6 ) 1 .38 (9H, s. H-l 8), 
3.10 (2H, t, J 8, H-9), 3.24 (2H, t, J 8, H-l 0), 3.95 (3H, s, O-Me), 4.32 (2H, s, HI 1 ), 7.13-7.32 (5H, 
m, H-l 3, 14 and 1 5), 8.09 ( 1 H, d, J 8, H-6), 8.29 ( 1 H, s, H-3), 8.32 (1H, d, J 8, H-3); 6 C (DMSO- 
d 6 ) 28.3 (C-18), 40.2 (C-9 and 10), 46.2 (C-l 1), 53.2 (O-Me), 79.3 (C-17), 125.1 (C-13), 127.2 (C- 
14 and 15), 128.6 (C-6), 130.3 (C-13), 133.1 (C-5), 134.4 (C-l 2), 136.6 (C-l), 147.6 (C-4), 163.7 
(C-l 6 and C=0); MS (Electrospray -ve) m/z 494 (M-Hf; HPLC, R, 6.8 min. 



Preparation of Compound 12 ( X = 2 H, 2 EQ 

Dry triethylamine (25 pi, 0.2 mmol) was added to a solution of the amine (X= 2 H, 2 H) (11) 
(0.05 mmol) in dry dichloromethane (1 ml). A solution of 2-nitro-4-methylbenzoatesulfonyl 
chloride (10) (25 mg, 0.1 mmol) in dry dichloromethane (0.5 ml) was then added dropwise and the 
1 5 mixture stirred for 1 5 minutes. The solvent was evaporated in vacuo and the residue purified by 
flash chromatography using 2:1 hexane/ethyl acetate as eluent to afford the sulphonamide (12) (23.5 
mg. 94%) as a colourless oil, R f 17/50 [hexane-ethyl acetate (2:1)]; (Found: C, 53.2; H, 5.6; N, 8.5; 
S, 6.4. C 22 H 25 D 2 N 3 0 8 S requires C, 53.3; H, 5.5; N, 8.5; S, 6.5%); 5 H (DMSO-d 6 ) 1.40 (9H, s, H- 
1 8), 3.05 (2H, m, H-9), 3.20 (2H, dt, J3 and 13, H-10), 3.9 (3H. s, O-Me), 7.10-7.35 (5H. m, H-13, 
14 and 15), 8.09 (1H, d, J8, H-6), 8.35 (1H, d, J 8, H-5), 8.40 (1H, m, H-8), 8.45 (1H, s, H-3),; 6 C 
(DMSO-d 6 ) 27.8 (C-18), 40.9 (C-9 and 10), 45.9 (C-l 1), 53.0 (O-Me), 79.1 (C-17), 124.8 (C-13), 
127.0 (C-14 and 15), 128.3 (C-6), 130.0 (C-13), 132.9 (C-5). 134.2 (C-l 2), 136.4 (C-l), 147.5 (C- 
4), 154.7 (C-2), 163.5 (C-l 6 and C=0); MS (Electrospray +ve) m/z 496 (MHf ; HPLC, R 1 6.8 min. 




Di-/err-butylazodicarboxyIate (32.6 mg, 142 jamol) was dissolved in dry tetrahydrofuran 
(0.5 ml) under nitrogen and added dropwise to a stirred solution of triphenylphosphine (37.1 
mg, 142 jamol), 3-(9-anthracene)propanol (17.6 mg, 74 (irnol) and sulphonamide 12 (X=H, H 
10 and 2 H, 2 H) (35 mg, 71 jimol), dissolved in dry tetrahydrofuran (1 ml) under nitrogen. After one 
hour the reaction was deemed complete by tic and the solution was evaporated to near-dryness. 
The residue was purified by flash chromatography 



HOOC 




Compound 1 



15 

using 2:1 hexane/ethyi acetate containing 10% triethylamine to afford the sulphonamide 13 (45 
mg, 90%) as a colourless oil, R f 15/38 (hexane-ethyl acetate (2:1)); MS (Electrospray +ve) m/z 
612, 614 (MH-Boc)*, MS (Electrospray -ve) m/z 756, 758 (M-H+formate) HPLC, R, 6.9 min. 
2M aqueous sodium hydroxide (0.35 ml, 0.7 mmol) was added dropwise to a solution of the 
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ester 13 (0.25 g, 0.35 mmol) in methanol- 1 ,4-dioxane (4:1) (2 ml). After stirring at room 
temperature for 1 hour (further methanol-dioxane (ca. 1 ml) was added as necessary to ensure a 
single phase) sufficient 2M HC1 added to render the solution mildly acidic. The solution 
transferred to a separating flask containing ethyl acetate (50 ml) and water (10 ml) and after 
partition the aqueous layer was extracted again with ethyl acetate (25 ml). The combined organic 
extracts were dried (MgS0 4 ) and evaporated under reduced pressure to afford the acid 1 (0.23 g, 
94%) as a colourless oil; R F 2/40 [hexane-ethyl acetate (2:1)]; 6 H (CDC1 3 ) 1-40 (9H, br. d, tBu), 
1.90 (2H, br. m, CH 2 ), 3.3-3.7 (8H, br. m, 4xCH 2 ), 7.10-8.30 (17H, br. m, Arom. H); MS 
(elecrrospray +ve) mJz 697, 699 HPLC, R, 7.2 min. 
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Scheme 2 
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X='H.'H and 2H,*H 
rat» 1 H:2H= 1:1 
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Scheme 3 
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Experimental for Schemes 2 and 3 




Dry aminomethyl Argogel® (0.87 g, 0.35 mmol) ), having an average bead diameter of 
15 1 50 jim and a loading of 0.4 mmol g"\ in a reaction vessel flushed with dry nitrogen was 

swollen with dry dichloromethane (5 ml). In a separate flask flushed with nitrogen, the benzoic 
acid (1) (0.67 g, 0.93 mmol), PyBOP (0.728 g, 1.4 mmol) and 1 -hydroxy-benzotriazole (0.19 g, 



, 4 mmol) were dissolved in dry dimethylformamide (2 ml)and the resulting solution sfrred two 
minutes before being transferred to the suspension of resin via cannula. A slow stream of 
nitrogen was aspirated through the solution for five minutes to ensure mix.ng and 
diisopropy.ethylamine (0.49 ml, 2.8 mmol) then added. Agitation was continued for 1 8 h. 
whereupon the resin (2) was drained, washed (dichloromethane (3x7 ml), dimethylformam.de 
(3x7 ml) and diehloromethane (3x7 ml)) and dried in vacuo. An analytical sample of 2 gave a 
negative Kaiser test. 




Resin 2 (0.35 mmol) was swollen in dichloromethane (3 ml) and phenol (66 mg, 0.7 
mmol) added, followed by trifluoroacetic acid (4.5 ml). The resin was gently agitated for 5 
minutes using a stream of nitrogen then drained and washed with dichloromethane (2x, ml). 
The process was repeated and, after draining, the resin washed (dichloromethane (3x8 ml), 10% 
diisopropylamine in dichloromethane (2x6 ml) and dichloromethane (4x8 ml)) and dned m 
vacuo. An analytical sample gave a positive Kaiser test. 
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The resin, in a reaction vessel Hushed with nitrogen, was swollen with dry 
dichloromethane (5 ml). In a separate flask flushed with nitrogen C-4 RINK acid (0.795 g, 1 .4 
mmol), PyBOP (1.46 g, 2.8 mmol) and 1-hydroxybenrotriazole (0.378 g, 2.8 mmol) were 
dissolved in dry dimethylformamide (3 ml) and the resulting solution transferred to the 
suspension of resin via cannula. This mixture was agitated gently by aspirating a stream of 
nitrogen through the solution and after five minutes dry diisopropylethylamine (0.98 ml, 5.6 
mmol) was added. Agitation was continued on a mechanica. shaker for 18 h. whereupon the 
25 res,n (3) was drained and washed (d.chloromethane (3x8 ml), dimethylformamide (3x5 ml) and 
dichloromethane (3x5 ml)) and dried /„ vacuo. An analytical sample gave a negative Ka.ser test. 




A sample of resin 3 (50 mg, 14 \imo\) was treated with 20% v/v piperidine in 1 :1 
dichloromethane/dimethylformamide (2 ml) for 15 minutes. The resin was drained and washed 
5 (dichloromethane (3x2 ml), dimethylformamide (3x2 ml) and dichloromethane (3x2 ml)) then 
dried in vacuo, an analytical sample giving a positive bromophenol blue test. The reaction vessel 
containing the resin was flushed with nitrogen and dry 1 : i dichloromethane /dimethylformamide 
(0.5 ml) added. In a separate flask flushed with nitrogen PyBOP (57 mg, 110 |amol) ; 1- 
hydroxybenzotriazole (15 mg, 1 10 jamol) and the appropriate acid (4a-d) (55 ^imol) were 
10 dissolved in dry 1:1 dichloromethane-dimethylformamide (0.5 ml) and this solution added in 
one portion to the suspension of resin, through which a stream of nitrogen was aspirated to 
ensure uniform mixing. After agitating for 1 8 h. the resin was drained, washed (dichloromethane 
(3x2 ml), dimethylformamide (4x2 ml) and dichloromethane (3x2 ml)) and dried in vacuo to 
give resins 5a-d. An analytical sample of each gave a negative Kaiser test. 

15 

A small sample of each of the four resins was treated with DBU/ mercaptoethanol in 
acetonitrile to release 6a-d which were analysed by HPLC and low-resolution mass 
spectrometry: 

6a (R = 3-dimethylaminobenzoyl) HPLC R t 4.51 min., MS (electrospray +ve) m/z 843.7 and 
20 845.7; 

6b (R = 2-naphthylacetoyl) HPLC R< 5.41 min., MS (electrospray +ve) m/z 863.4 and 865.4; 

6c (R = 4-pentenoyl) HPLC R t 4.98 min., MS (electrospray +ve) m/z 778.7 and 780.7; 

6d (R = rerf-Butylacetoyl) HPLC R t 5. 1 8 min., MS (electrospray +ve) m/z 795.0 and 797.0. 
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Relative quantitation. 

An experiment was carried out to establish whether UV analysis could be used to 
quantify the relative concentrations of target compounds or substrates in a multicomponent 



mixture. 



Approximately equal quantities (ca. 50 mg) of resins 5a and 5b were combined and 
treated with 4-mercaptobenzoic acid (43 mg, 20 umol) and morpholine (49 pjnol) in 
dichloromethane (2 ml). After one hour the solution was drained and the resin washed with 
dichloromethane (2x1 ml). These combined washings were diluted with ethyl acetate (10 ml) 

1 0 and washed firstly with 50% saturated aqueous sodium bicarbonate (3 ml), water (3 ml) and 

brine (2 ml) and dried over magnesium sulphate. The filtered solution was evaporated to afford 
approximately 5 mg of a mixture of 6a and 6b. The ratio of components in this mixture was 
assessed firstly by HPLC, measuring peak areas at 254 nm and 386 nm, which was correlated 
with the ratio determined from the magnitude of the integrations of characteristic resonances in 

15 the 'H NMR spectrum. 

HPLC analysis 





6a 


6b 


Area ratio (254 nm) 


1.00 


1.30 


Area ratio (386 nm) 


1.00 


1.26 


*H nmr analysis 


6a 


6b 


Ratio 


1.00 


1.33 



In the same way a mixture of resins 5c and 5d, afforded a mixture of 6c and 6d, the 
ratio of which were again assessed by HPLC and correlated with the ratios measured using l H 
25 nmr spectroscopy. 

HPLC analysis 

6c 6d 



Area ratio (254 nm) L00 0.93 



Area ratio (386 nm) L00 0.97 




l H nmr analysis 

6c 6d 



Finally, 6a, 6b, 6c and 6d were combined in one solution, which was analysed using 
5 HPLC and l H nmr as before: 



HPLC analysis 





6a 


6b 


6c 


6d 


Area ratio (254 nm) 


0.87 


1.35 


1.00 


1.00 


Area ratio (386 nm) 


0.84 


1.30 


1.00 


0.99 


'H nmr analysis 


6a 


6b 


6c 


6d 


Ratio 


0.85 


1.34 


1.00 


1.05 
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As can be seen from the data provided, in each case the ratios obtained from the UV 
analysis correlated closely with the ratios obtained from nmr analysis, thereby demonstrating the 
accuracy of the UV method as a means of quantifying the products of the solid phase synthesis. 

1 5 In the analytical experiments described above , the mixtures of products analysed were 

prepared simply by mixing together different resins, each containing a single substrate. In order 
to demonstrate that the UV analysis method is also applicable to the analysis of reaction 
mixtures in which multiple reaction products or substrates are formed, a further series of 
experiments was carried out. 

20 

Resin 3 (214 mg, 59 ^tmol) was treated with 20% v/v piperidine in 1 : 1 
dichloromethane/dimethylformamide (3 ml) for 60 minutes. The resin was drained, washed 
(dichloromethane (3x3 ml), dimethylformamide (3x3 ml) and dichloromethane 93x3 ml)) and 
dried in vacuo, an analytical sample giving a positive bromophenol blue test. The reaction vessel 
25 was then flushed with nitrogen and the resin swollen with dry 1:1 dichloromethane- 
dimethylformamide (2 ml). 



In a separate flask flushed with nitrogen PyBOP (245 mg, 470 jamol), 1 -hydroxy- 



2 q 



benzotriazole (64 mg, 470 umol) and a mixture of 4-pentenoic acid (6.0 pi, 59 umol), 3- 
dimethylaminobenzoic acid (19.5 mg, 120 nmol) and fert-butylacetic acid (23 ul, 180 umol) 
were dissolved in dry 1:1 dichloromethane/dimethylformamide (1 ml) and the solution added in 
one portion to the suspension of resin. A gentle stream of nitrogen was passed through the 
5 mixture and after five minutes diisopropylethylamine (1 65 p.1, 940 umol) was added. After 
agitating for 1 8 h. the resin (7) was drained, washed (dichloromethane (3x4 ml), 
dimethylformamide (4x4 ml) and dichloromethane (3x4 ml)) and dried in vacuo. An analytical 
sample of 7 gave a negative Kaiser test. 

1 0 A small sample of the resin 7 was treated with DBU/ mercaptoethanol in acetonitrile to 

release a mixture of 6a, 6c and 6d the relative quantities of these components being assessed by 
HPLC, measuring the peak areas at 254 and 386 nm (table). 

A single bead of 7 was then selected and cleaved in the same way. The ratio of the 
1 5 components was again measured using HPLC. 

Approximately 200 mg of resin 7 (0.056 umol) was swollen with dichloromethane and 
the excess solvent drained away. Phenol (10.5 mg, 0.1 12 umol) was added followed by 80% 
trifluoroacetic acid in dichloromethane such that this added volume constituted one third of the 
20 total. After agitating for two hours the pale red solvent was drained into a round-bottomed flask 
and the resin washed with distilled dichloromethane (3x3 ml). The combined organics were 
evaporated to dryness to afford a mixture of the primary amides 8a, 8c and 8d. The ratio of these 
components was assessed by measuring the magnitude of the integration of characteristic 



25 



resonances in the 'H nmr spectrum. 



HPLC analysis (bulk beads) 





6a 


6c 


6d 


Area ratio (254 nm) 


0.71 


1.00 


0.44 


Area ratio (386 nm) 


0.71 


1.00 


0.46 


HPLC analysis (single bead) 


6a 


6c 


6d 


Area ratio (254 nm) 


0.71 


1.00 


0.42 


Area ratio (386 nm) 


0.69 


1.00 


0.41 



l H nmr analysis 

8a 8c 8d 

Ratio ~ 0^4 LOO (X42~ 



The results set out in the tables above illustrate that there is a remarkably good 
5 correlation between the ratios obtained by the UV method and the ratios obtained by the well 
established and proven method of nmr analysis. Thus, the data demonstrate that UV detection 
and analysis can be used to provide a very accurate means of giving quantitative information 
about the reaction products of solid phase syntheses. Of particular significance is the fact that 
UV analysis has been shown to provide an accurate means of providing quantitative data even 
10 at the single bead level where the amounts of compound available for analysis are of the order of 
only 1 nanomole. 

Furthermore, it can be seen from the example that the inclusion of a UV chromophore, 
and mass spectrometric sensitising group into the constructs enables rapid and simple 
1 5 qualitative and quantitative analysis of the products of a solid phase synthesis to be undertaken 
by the simple and well established procedures of HPLC in combination with UV detection and 
mass spectrometry. 

EXAMPLE 2 

_Q Synthesis and Analysis of a Construct Containing a Dansyl 
Group as a UV Chromophore 



25 



A solid phase construct was formed on hydroxylated polystyrene resin by coupling 
together a base cleavable ester group, a diaminoethyl spacer group, an acid cleavable Rink linker 
and a dansyl group as shown in Scheme 4 below. 
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Scheme 4 




NHBoc 



9 10 




2 A. Preparation of Bromoacetylat ed ResinlO 

0 To a suspension of a hydroxylated polystyrene resin 9 (100-200 mesh) containing 1% 

DVB, and having a degree of substitution of 0.87 mmde/g (obtained from Novabiochem - batch 
01.64.01 10 (lg, loading 0.87 mmol = 1 eq.) in dry dimethylformamide (12ml) were added 
bromoacetic acid 12 C (0.6g, 5eq.), bromoacetic acid ,3 C (0.65g, 5eq.), 4-dimethylaminopyridine 
(DMAP) (catalytic amount), and di-isopropyl carbodiimide (DIC) (1.4ml, 10 eq.). The mixture 



15 



was stirred tor 24 hours at room temperature. The resin was filtered, washed with 
dimethylformamide (2 x 10ml). dichloromethane (5 x 10ml). methanol (2 x 10ml), 
dichloromethane again i.2 xlO ml) and was then dr ied under reduced pressure. The presence of 
the bromoacetyl group on the resin was checked and confirmed by gel phase lj C NMR 
spectroscopy. 

Gel phase ,3 C NMR (C 6 D 6 ): 25.82 (1C); 

2B. Preparation of Kesin 1 1 Incorporating Diamino ethane Spacer Group 

A suspension of resin 10 (0.95g, 0.83 mmol = i eq.) was formed in dry methylsulfoxide 
(10ml),N-Boc-diaminoethylene (1.3ml, 8.3 mmol = 10 eq.) was added, and the mixture was 
stirred at room temperature for 24 hours. The resulting resin 11 was filtered, washed with 
DMSO (2 x 1 0ml), dichloromethane (5x1 0ml), methanol ( 2 x 1 0 ml ), dichloromethane (5x10 
ml) and was then dried under reduced pressure. A chloranil test for secondary amine was 
positive. 

Magic angle spinning (MAS) l H NMR (CD 2 C1 2 ): 5.06 (2H, bw) ; 3.41 (2H, bw) ; 3.14 (2H, 
m);2.69 (2H, m) ; 1.42 (9H, s) 

Elemental analysis (% nitrogen): %N theoretical = 2.38; %N experimental = 2.28 

20 2C. Preparation of Resin 12 Incorporating a Dansvl Chr omophore 

To a suspension of the resin 11 (0.85g, 0.74 mmol - leq.) and dansyl chloride (2g, 1.48 
mmol = lOeq.) in dry tetrahydrofuran (10ml) was added diisopropylethylamine (1.93ml, 11.1 
mmol = 15 eq.) and the resulting mixture was stirred at room temperature for 24 hours. The 
resin 12 thus formed was filtered, washed with tetrahydrofuran (2 x 10 ml), dichloromethane (5 
25 x 1 0ml), methanol (2x10 ml), dichloromethane (5 x 1 0ml) and dried under reduced pressure. 

A chloranil test carried out on 12 was negative confirming that all the secondary amine sites had 
been dansylated. 

MAS l H NMR (CD 2 CI 2 ): 8.49 (1H, bs) ; 8.25 (1H, bs) ; 8.1 5 (1H, bs) ; 7.48 (2H,bm) ; 4.15 
30 (2H, bs) ; 3.39 (2H, bs) ; 3.16 (2H, bs) ; 2.81 (6H, bs) ; 1.37 (9H, bs). 

2D. Deprotection and Coupling of Resin 12 with Rink L inker to Give Resin 14 

To a suspension of the resin 12 (0.74 mmol, 1 eq.) in dry dichloromethane (10ml) was 
added trifluoroacetic acid (2ml), and the mixture was stirred at room temperature for 24 hours. 
35 The resulting resin 13 was filtered, washed with dichloromethane (5 x 10ml), methanol (2 x 
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10ml), dichloromethane (5 x 10ml) and dried under reduced pressure. A Kaiser test carried out 
to reveal the presence of primary amine was positive. 

To a solution of Rink linker (3.9g, 10 eq.) in dry dimethylformamide (5ml) were added 
5 HOBT (0.97g, 1 0 eq.) and D1C (1 .1 5ml, 1 0 eq.) and the resulting mixture was stirred at room 
temperature for 15 minutes before adding to the resin 13 in suspension in dimethylformamide 
(5ml) and diisopropylamine (0.250ml, 2 eq.). The mixture was stirred for 24 hours at room 
temperature. The resin 14 thus produced was filtered, washed with dimethylformamide (2 x 
10ml), dichloromethane (5 x 10ml), methanol (2 x 10ml), dichloromethane (5 x 10ml) and dried 
1 0 under reduced pressure. Resin 1 4 gave a negative Kaiser test thereby confirming that the 
primary amino group of resin 13 had reacted completely with the Rink linker. 

2E De protection of Resin 14 and Coupling with Substrate to Give Resin 116 

Resin 14 (49mg, 24.5p.mol = 1 eq.) was suspended in a 20% piperidine in 
1 5 dimethylformamide solution (2ml) and the suspension was stirred for 2 hours. The resulting 

resin 15 was filtered, washed with dimethylformamide (2 x 10ml), dichloromethane (5 x 10ml), 
methanol (2 x 10ml), dichloromethane (5 x 10ml) and dried under reduced pressure. UV 
analysis to detect the Fmoc group revealed that the cleavage reaction to release the primary 
amine 15 had been quantitative. The presence of a primary amine group was confirmed by a 
20 positive Kaiser test. 

To a solution of 4-benzoylbenzoic acid (55.4mg, 10 eq.) in dry dimethylformamide 
(0.5ml) were added HOBT (33mg, 10 eq.) and DIC (40jil, 10 eq.) and the resulting mixture was 
stirred at room temperature for 1 5 minutes before adding to the resin 15 in suspension in 
25 dimethylformamide (0.5ml). The mixture was stirred for 20 hours at room temperature. The 

resulting resin 16 was filtered, washed with dimethylformamide (2 x 10ml), dichloromethane (5 
x 10ml), methanol (2 x 10ml), dichloromethane (5 x 10ml) and dried under reduced pressure. 
Resin 16 gave a negative Kaiser test thereby demonstrating that the acylation reaction had gone 
to completion and that no primary amine remained. 
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7F. Cleavage of Construct Containing Dansvl Grou p and Subst rate From the Resin 

To a suspension of resin 16 ( 45mg, loading estimated 0.501 7mmol/g =>22.58umol = 1 
eq.) in tetrahydrofuran (0.4ml) was added a IN sodium hydroxide solution (45ul, 2eq.) and the 
mixture was stirred at room temperature for 24 hours. The resin was filtered and washed with 




tctrah> Jrolurar- and water. The filtrate wa> evaporated to give compound 1" in its sodium salt 
form.. 

'H-NMR (DMSO) : 9.62 (1H, t) ; 9.28 (H. d) ; 8.39 (H, d) ; 8.33 (1H, d) ; 8.25(1H. d) ; 8.05 
5 (2R d) : 7.8-7.65 (5H, m) ; 7.6-7.5 (4H, m) ; 7.34 (1H, d) ; 7.16 (1H, d) ; 7.07 (2H, d) ; 6.87 
(2H, d) ; 6.6-6.5 (3H, m) ; 4.27 (2H, s) ; 3.74 (8H, s) ; 3.3 (2H, m) ; 3.25 (2H, m) ; 2.78 (6H, s). 
MS-ES + : 881-882 [MNaf peak split present. 

Analysis of the dansyl chromophore-containing compound 17 can be carried out in a 
1 0 similar manner to the method described in Examples 1 F and 1 G. 

EXAMPLE 3 

Preparation of a Second Construct Containing a Dansvl Group as a UV Chr omophore 

1 5 a second construct including a dansyl group as the chromophore was prepared. The 

sequence of steps leading to the construct is shown in Scheme 5 below. As can be seen from 
Scheme 5, the construct is analogous to the construct of Example 1 in that a sulphonamide 
linker group provides a first cleavage site to enable release of analytical fragment, and a Rink 
linker provides a second cleavage site to enable release of substrate. However, in this example, 

20 the chromophore, rather than being linked to the sulphonamide nitrogen, is attached to a lysine 
group positioned between the ethylene diamine chain and the Rink linker. . 



Scheme 5 
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Experimental for Scheme 5 

In the following experimental details, the compound or construct numbers refer to the 
compounds and constructs identified in Scheme 5. 




Pre paration of Compound 3a 



0 

OMe' 

5 

To a stirred solution of 2-nitro-4-methylbenzoatesulfonyl chloride 1 (1.10 g, 3.90 mmol) 
and triethylamine (0.39 g, 3.90 mmol) in dry dichloromethane (40 ml), was added at 0°C the amine 

10 2a (1.00 g. 3.9 mmol) in dry dichloromethane (20 ml) over 30 min. The reaction mixture was 
stirred for a further 2 h at room temperature then concentrated in vacuo to give a yellow oil. 
Purification by chromatography with [MTBE:hexane (1 :1 )] as eluant followed by recrystallisation 
from MTBE (5 ml) and hexane (2 ml) furnished the sulfonamide 3a (1.53 g, 79%) as white flakes; 
mp 129-130°C; R f 0.31 [iMTBE:hexane (1:1)]; (Found: C, 53.2; H, 5.6; N, 8.5; S, 6.4. 

15 C 22 H 25 D 2 N 3 0 8 S requires C, 53.3; H, 5.5; N, 8.5; S, 6.5%); 5 H (DMSO-d 6 ) 1.40 (9H, s, H-18), 3.05 
(2H, m, H-9), 3.20 (2H. dt, J3 and 13, H-10), 3.9 (3H, s, O-Me), 7.10-7.35 (5H, m, H-13, 14 and 
15), 8.09 (1H, d, J 8, H-6), 8.35 (1H, d, J 8, H-5), 8.40 (1H, m, H-8), 8.45 (1H, s, H-3),; 6 C 
(DMSO-d 6 ) 27.8 (C-18), 40.9 (C-9 and 10), 45.9 (C-l 1), 53.0 (O-Me), 79.1 (C-17), 124.8 (C-13), 
127.0 (C-14 and 15), 128.3 (C-6), 130.0 (C-13), 132.9 (C-5), 134.2 (C-l 2), 136.4 (C-l), 147.5 (C- 

20 4), 154.7 (C-2), 163.5 (C-16 and C=0); MS (Electrospray +ve) m/z 496 (MH) + : HPLC (Method 
A), R, 6.07 min. 
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Preparation of Compound 4a 
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The ester 3a (0.40 g, 0.80 mmol) in methanol (2 ml) was treated with 1M aqueous sodium 
hydroxide (1 .60 ml, 1 .60 mmol) and stirred at room temperature for 1 hour. The reaction was then 
concentrated in vacuo and the residue dissolved in water (10 ml) then acidified with 1M 
hydrochloric acid (1 .80 ml, 1 .80 mmol) at 0°C. The resulting white precipitate was extracted with 
dichloromethane (3 x 10 ml). The combined organic extracts were washed with brine, dried 
(Na 2 S0 4 ) and evaporated under reduced pressure to the acid 4a (0.34 g, 88%) as a white solid; mp 
143-145°C; R F 0.58 [MTBE:hexane (1:1)]; 5 H (DMSO-d 6 ) 1.29 (9H, s, H-18), 3.02 (2R m, H-9), 
3.20 (2H, dt,J3 and 13, H-10), 7.10-7.40 (5H, m, H-13, 14 and 15), 8.06 (1H, d,J8,H-6), 8.28 
(1H, s, H-3), 8.30 (1H, d, J 8, H-3); 5 C (DMSO-d 6 ) 27.9 (C-l 8), 40.9 (C-9 and 10), 45.9 (C-l 1), 
79.1 (C-17), 124.5 (C-13), 127.1 (C-14 and 15), 128.4 (C-6), 129.5 (C-13), 132.5 (C-5), 139.2 (C- 
12), 147.3 (C-l), 155.1 (C-4), 164.8 (C-16 and C=0); (Found: MH\ 482.156364 C21H23D2N3O8S 
requires MH+, 482.156615); HPLC (Method A), R, 5.65 min. 

Preparation of Compound 3b 
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OMe ) < 2 OH I 

NO, \,: 



3b 



To a stirred solution of 2-nitro-4-methylbenzoatesulfonyl chloride 1(1.10 g, 3.90 mmol) 
and triethylamine (0.39 g. 3.90 mmol) in dry dichloromethane (40 ml), was added at 0°C the amine 




2b (0.95 c. 3.9 mmol) in dry dichloromethane (20 ml) over 30 min The reaction mixture was 
stirred for a further 3 h at room temperature then concentrated in vacuo to gi\e a yellow oil. 
Purification by chromatography with [MTBE:he.xane (1 :l)j as eluant followed b> recry stallisation 
from MTBE (5 ml) and hexane (2 ml) furnished the sulfonamide 3b ( 1 .51 g, 79%) as white flakes; 
5 mp 131-132°C; R f 0.28 [MTBE:hexane (1:1)]; (Found: C, 53.7; H, 5.4, N, 8.4; S, 6.5. C :2 H :? N 3 0 8 S 
requires C. 53.5; H, 5.5: N, 8.5; S, 6.5%); 5 H (DMSO-d 6 ) 1 .38 (9H, s, H-l 8), 3.10 (2H, t J 8, H-9). 
3.24 (2H, X,J 8, H-10), 3.95 (3H, s. O-Me), 4.32 (2H, s, HI 1 ), 7.13-7.32 (5H, m, H-13, 14 and 15 ), 
8.09 (1H, d, J 8, H-6), 8.29 ( 1H, s, H-3 ), 8.32 (1H, d, J 8, H-3); 8 C (DMSO-d 6 ) 28.3 (C-18), 40.2 
(C-9 and 10), 46.2 (C-l 1), 53.2 (O-Me), 79.3 (C-17), 125.1 (C-13), 127.2 (C-14 and 15), 128.6 (C- 
10 6), 130.3 (C-13 ), 133.1 (C-5), 134.4 (C-12), 136.6 (C-l), 147.6 (C-4), 163.7 (C-l 6 and C=0); MS 
(Electrospray -ve) m/z 492 (M-HT; HPLC (Method A), R, 5.99 min. 

Preparation of Compound 4b 




20 The ester 3b (0.40 g, 0.80 mmol) in methanol (2 ml) was treated with 1 M aqueous sodium 

hydroxide (1.60 ml, 1.60 mmol) and stirred at room temperature for 1 hour. The reaction was then 
concentrated in vacuo and the residue dissolved in water (10 ml) then acidified with 1M 
hydrochloric acid (1 .80 ml. 1 .80 mmol) at 0°C. The resulting white precipitate was extracted with 
dichloromethane (3 x 10 ml). The combined organic extracts were washed with brine, dried 

25 (Na 2 S0 4 ) and evaporated under reduced pressure to the acid 4b (0.36 g, 93%) as a white solid; mp 
1 23.7-1 24.8°C; R F 0.59 [MTBE:hexane (1:1)]; 8 H (DMSO-d 6 ) 1.42 (9H, s, H-l 8), 3.12 (2H. m, H- 
9), 3.22 (2H, m, H-10), 4.38 (2H, s, HI 1), 7.1 8-7.42 (5H, m, H-13, 14 and 15), 8.1 1 (1H, d, J 8, 
H-6), 8.39 (1H, d, J 8, H-3); 8.45 (1H, s, H-3); 5 C (DMSO-d 6 ) 27.8 (C-l 8), 40.1 (C-9 and 10), 45.9 
(C-l 1), 79.1 (C-17), 124.8 (C-13), 1 26.9 (C-l 4 and 15), 128.4 (C-6), 129.9 (C-13), 132.9 (C-5), 

30 135.8 (C-12), 137.9 (C-l ), 147.5 (C-4), 153.9 (C-2), 163.7 (C-l 6 and C=0); MS (Electrospray -ve) 
m/z 478 (M-HT; HPLC (Method A), R, 5.56 min. 



39 



Preparation of Compound 5 



15 



20 




To a suspension of amine resin (Argogel-NH 2 ) (0.80 g, 0.32 mmol) ), having a bead 
diameter of 1 50 pm and a loading of 0.4 mmol g in DMF (4 ml) and dichloromethane (4 ml) 
was added the benzoic acid (4a) (0.46 g, 0.96 mmol), and the benzoic acid (4b) (0.46 g, 0.96 
1 0 mmol), followed by PyBOP (0.99 g, 1 .92 mmol) and HOBT (0.26. g, 1 .92 mmol) followed, 4 min. 
later by Hunig's base (0.49 g, 3.84 mmol). The reaction was agitated with nitrogen for 18 h and 
the resin then washed with dichloromethane (6x10 ml), DMF (6x10 ml), dichloromethane (6 x 
10 ml), ether (2x10 ml) and dried in vacuo to give the sulfonamide resin 5 (0.94 g, 97%) as a 
yellow solid; Kaiser test was negative; Bromophenol Blue test was negative. 



Preparation of Compound 6 




<> /=\ ? 



R=H; R=D, (50:50) 



The protected resin 5 (0.85 g, 0.34 mmol) was suspended in dichloromethane (2 ml) and 
treated with trifluoroacetic acid (2 x 4 ml) for 5 min. Solvents were removed by filtration and the 
25 resin washed with 10% D1PEA solution in DMF (3 x 5 ml), dichloromethane (6 x 5 ml), DMF (6 
x 5 ml), dichloromethane (6 x 5 ml), ether (2 x 5 ml). The amine resin was then suspended in DMF 
(4 ml) and dichloromethane (2 ml) FMoc-Lys(Dde)-OH (0.86 g, 1.62 mmol) was added, followed 
by PyBOP (0.84 g, 1.62 mmol) and HOBT (0.22. g, 1.62 mmol). After 4 min. Hunig's base (0.42 




n. 2.2A mniol) v>a> added. The reaction was agitated with nitrogen for 18 h and the resin then 
washed with dich Womethane (6 x 10 mlj, DMF (6 \ 10 ml), dichloromethane (6x10 ml), ether 
(2 x lu ml) and dried in vacuo to give the sulfonamide resin 6 (0.9b g, 100°/o) as a yellow solid; 
Kaiser test was negative; Bromophenol Blue test was negative; Resin loading 99% as estimated by 
5 quantitative Fmoc group cleavage. 

Preparation of Compound 7 

HN-Dde 




R=H; R=D, (50:50) 7 



Resin (6) (0.93 g, 0.28 mmol) was treated with 20% Piperidine in DMF solution (2x5 ml) 
for 10 min. Solvents were removed by filtration and the resin washed with DMF (6x5 ml), 

15 dichloromethane (6 x 5 ml), and ether (2x4 ml). The resin was suspended in DMF (5 ml) and 
dichloromethane (5 ml) and the Rink acid linker (0.92 g, 1.62 mmol) was added, followed by 
PyBOP (0.84 g, 1.62 mmol) and HOBT (0.22 g, 1.62 mmol). After 4 min. Hunig's base (0.42g, 
3.24 mmol) was added. The reaction was agitated with nitrogen for 3 h and the resin then washed 
with dichloromethane (6x5 ml), DMF (6x5 ml), dichloromethane (6x5 ml), ether (2x3 ml) and 

20 dried in vacuo to give the sulfonamide resin 7 (1 .02 g, 98%) as a yellow solid; Kaiser test was 
negative; Bromophenol Blue test was negative; Resin loading 94% as estimated by quantitative 
Fmoc group cleavage. 

Preparation of Compounds 9a-d and lOa-d 

25 




R=H; R=D, (50:50) 
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Resin (7) (70 mg, 0.02 mmol) was treated with 20% piperidine in DMF solution (2 x 1 ml) 
for 10 min. Solvents were removed by f.ltration and the resin washed with DMF (6 x 1 ml), 
dichloromethane (6 x 1 ml), ether (2 x 1 ml). The resin was suspended in DMF (0.5 ml) and 
5 dichloromethane (0.5 ml) and the appropriate acid (8a-d) (0.1 5 mmol) was added, followed by 
PyBOP (0.08 g, 0. 1 5 mmol ) and HOBT (0.02 g, 0. 1 5 mmol). After 4 min. Hunig's base (0.04 g, 
0.30 mmol) was added. The reaction was agitated with nitrogen for 3 h and the resin then washed 
with dichloromethane (6 x 1 ml), DMF (6 x 1 ml), dichloromethane (6 x 1 ml), ether (2 x 1 ml) and 
dried in vacuo to give the sulfonamide resins 9a-d as a yellow solid; Kaiser test and Bromophenol 
1 0 Blue test were negative in all four cases. 

A small sample of each of the four resins was treated with DBU/Mercaptoethanol in 
acetonitrile to release lOa-d which were analysed by low resolution mass spectrometry and RP 
HPLC (Method A): 



15 



10a (R'= Z-Gly-) MS (Electrospray +ve) m/z 961 and 963 (MH) + ; HPLC, R, 4.01 min. 
10b (R'= Boc-Abu-) MS (Electrospray +ve) m/z 955 and 957 (MH); HPLC, R, 4.09 min. 
10c (R'= 1 -naphthylacetoyl-) MS (Electrospray +ve) m/z 938 and 939 (MH) + ; HPLC, R 4.28 min. 
lOd (R'= Boc-Phe-) MS (Electrospray +ve) m/z 1017 and 1019 (MH) + ; HPLC, R 4.42 min. 




Prepar ation of Compounds I la-d and 12a-d 




5 R=H; R=D, (50:50) 

Resin (9a-d) (ca. 70 mg, 0.02 mmol) was treated with 10% hydrazine in DMF solution (3 
x 1 ml) for 30 min. Solvents were removed by filtration and each resin washed with DMF (6 x 1 
10 ml), dichloromethane (6 x 1 ml), ether (2 x 1 ml). To each resin portion was then added dansyl 
chloride (40 mg, 0.15 mmol) and triethylamine (15 mg, 0.15 mmol) in dichloromethane (1 ml). 
After 4 h reaction time the resins were washed with dichloromethane (6 x 1 ml), DMF (6 x 1 ml), 
dichloromethane (6x1 ml), ether (2 x 1 ml) and dried in vacuo to give the sulfonamide resins 11a- 
rfasa yellow solid; Kaiser test and Bromophenol Blue test were positive in all four cases. 

15 

A small sample of each of the four resins was treated with DBU/Mercaptoethanol in 
acetonitrile to release 12a-d which were analysed by low resolution mass spectrometry and RP 
HPLC (Method B): 

20 12a (R'= Z-Gly-) MS (Electrospray +ve) m/z 1030 and 1032 (MH) + ; HPLC, R t 4.77 min. 

12b (R'= Boc-Abu-) MS (Electrospray +ve) m/z 1024 and 1026 (MH) + ; HPLC, R 1 4.94 min. 
12c (R'= 1-naphthylacetoyl-) MS (Electrospray +ve) m/z 1007 and 1009 (MH) + ; HPLC, R, 5.47 
min. 

12d (R'= Boc-Phe-) MS (Electrospray +ve) m/z 1086 and 1089 (MH) + ; HPLC. R, 5.82 min. 

25 

It can be seen from the foregoing examples that the inclusion of a UV chromophore, and 
mass spectrometric sensitising group into the constructs enables rapid and simple qualitative 
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and quantitative analysis of the products of a solid phase synthesis to be undertaken by the 
simple and well established procedures of HPLC in combination with UV detection and mass 
spectrometry. 

The foregoing examples are intended merely to be illustrative of the invention and are 
not intended to limit the invention in any way. On the contrary, it will readily be apparent that 
numerous modifications and alterations could be made to the constructs described in the 
examples above without departing from the principles underlying the invention and all such 
modifications and alterations are intended to be embraced by this application. 
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CLAIMS 

1 . A method of anal\M:> ol a solid phase construct; which method comprises: 

(j) pro\ iding a chemical construct comprising a solid support Q having linked 
5 thereto via a connecting group Y a substrate R; the connecting group Y having first and second 
cleavage sites which are orthogonally and selectively cleavable; the second cleavage site being 
selectively cleavable to release the substrate; and the first cleavage site being located at a 
position between the second cleavage site and the solid support and being selectively cleavable 
to release a fragment Fr u comprising the substrate and at least a portion of the connecting group 
1 0 Y, wherein the said portion contains a chromophore C u w hich facilitates analysis of the fragment 
¥r u by ultra violet, visible or fluorescence spectrophotometry; 

(ii) cleaving the connecting group Y at the first cleavage site to release the 
fragment Fr u ; and 

(iii) subjecting the fragment Fr u to ultra violet, visible or fluorescence 
1 5 spectrophotometry analysis to quantify the substrate R. 

2. A method according to claim 1 wherein the chromophore C u has a principal log E max 
value of at least 2.5. 

20 3. A method according to claim 2 wherein the principal log value is at least 1.5 times 
greater than the principal log E max of the substrate R. 

4. A method according to claim 2 or claim 3 wherein the chromophore C u has a principal 
log E max that is at least 2 times greater than the principal log E^ of the substrate R. 

25 

5. A method according to any one of the preceding claims wherein the chromophore C u has 
an absorption band which is remote from any significant absorption bands due to the substrate 
R.. 

30 6. A method according to any one of the preceding claims wherein the spectrophometric 
analysis is carried out at a wavelength corresponding to the principal E^ of the chromophore. 
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7. A method according to any one of claims 1 to 5 wherein the spectrophotometry analysis 

is carried out a wavelength corresponding to a non-principal absorption band of the 
chromophore. 
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8. A chemical construct for use in solid phase synthesis comprising a solid support Q 
having linked thereto via a connecting group Y a substrate R; the connecting group Y having 
first and second cleavage sites which are orthogonally and selectively cleavable; the second 
cleavage site being selectively cleavable to release the substrate; and the first cleavage site being 
located at a position between the second cleavage site and the solid support and being selectively 
cleavable to release a fragment Fr u comprising the substrate and at least a portion of the 
connecting group Y, wherein the said portion contains a chromophore C u which facilitates 
analysis of the fragment Fr u by ultra violet, visible or fluorescence spectroscopy, the 
chromophore C u having a principal log E max value of at least 2.5 and wherein (i) the principal log 
E max value is at least 1 .5 times greater than the principal log E m3x of the substrate R; or (ii) , the 
chromophore C u has an absorption peak at a wavelength remote from absorptions due to the 
substrate R.. 

9. A chemical construct according to claim 7 wherein the chromophore C u has a principal 
log E max which is at least 2 times greater than the principal log E max of the substrate R. 

1 0. A chemical construct for use in solid phase synthesis comprising a solid support Q 
having linked thereto via a connecting group Y a substrate R; the connecting group Y having 
first and second cleavage sites which are orthogonally and selectively cleavable; the second 
cleavage site being selectively cleavable to release the substrate; and the first cleavage site being 
located at a position between the second cleavage site and the solid support and being selectively 
cleavable to release a fragment Fr u comprising the substrate and at least a portion of the 
connecting group Y, wherein the said portion contains a chromophore C u which facilitates 
analysis of the fragment Fr u by ultra violet, visible or fluorescence spectroscopy, wherein the 
absorption characteristics of the chromophore C and the substrate R are such that at a given 
measurement wavelength, any errors in measurement of the quantity of substrate R (or any 
fragment or construct containing the fragment) arising from any overlap between absorption 
bands due to the chromophore and absorption bands due to the substrate R are less than 5%. 

11. A chemical construct according to any one of claims 8 to 10 wherein the chromophore 
is a group containing a fused polycyclic aryl group. 
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12. A chemical construct according 1 1 wherein the pchevlic aryl group is a C 6 - C 30 
polvc\cIic ar\l group in which one or more (e.g. 1, 2, or 3) ring carbon atoms are optionally 
replaced by a heteroatom such as nitrogen, sulphur or oxygen. 

5 13. A chemicai construct according to claim 12 wherein the polycyclic arvl group is selected 
from polycyclic hydrocarbons such as naphthyl, phenanthrenyl and anthracenyl groups, and 
polycyclic heteroaryl groups such as acridine, or phenanthroline. 

14. A chemical construct according to claim 13 wherein the chromophore contains an 
1 0 anthracenyl group. 

15. A chemical construct according to claim 12 wherein the chromophore contains a dansyl 
(5-dimethylamino-l-naphthylsulphonyl) group. 

15 16. A chemical construct according to any one of claims 8 to 1 5 wherein the fragment Fr u 
contains a mass spectroscopic sensitising group G. 

17. A chemical construct according to any one of claims 8 to 16 wherein the chemical 
fragment Fr u contains a means for imparting a characteristic signature to the mass spectrum of 

20 the fragment. 

1 8. A chemical construct according to claim 1 6 wherein the means for imparting a 
characteristic signature to the mass spectrum of the fragment Fr u is located between the first and 
second cleavage sites. 

25 

1 9. A chemical construct according to any one of claims 8 to 1 8 wherein the first and 
second cleavage sites are defined by first and second linker groups L 1 and L 2 . 

20. A chemical construct according to claim 19 wherein a spacer group A is interposed 
30 between the two linker groups L 1 and L 2 , the spacer group A containing means for imparting a 

characteristic signature to the mass spectrum of the fragment Fr u . 

21. A chemical construct according to any one of claims 8 to 20 containing a sensitising 
group G which is a group which is ionisable under mass spectrometric conditions. 

35 
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22. A chemical construct according to claim 2 1 wherein the group G is ionisable to form a 
positive ion under mass spectrometric conditions, for example electrospray mass spectrometric 
conditions. 

5 23. A method of analysis of a solid phase construct; which method comprises: 

(i) providing a chemical construct comprising a solid support Q having linked 
thereto via a connecting group Y a substrate R, the substrate R being present on each solid 
support in an amount of no more than 10 nanomoles; the connecting group Y having first and 
second cleavage sites which are orthogonally and selectively cleavable; the second cleavage site 

10 being selectively cleavable to release the substrate; and the first cleavage site being located at a 
position between the second cleavage site and the solid support and being selectively cleavable 
to release a fragment Fr u comprising the substrate and at least a portion of the connecting group 
Y, wherein the said portion contains a chromophore C u which facilitates analysis of the fragment 
Fr u by ultra violet, visible or fluorescence spectrophotometry; 

1 5 (ii) isolating a solid support, or a plurality of solid supports not exceeding 20 in 

number; 

(ii) treating the solid support(s) to cleave the connecting group at the first cleavage 
site to release the fragment Fr u containing the substrate R; and 

(Iii) subjecting the fragment Fr u to ultra violet, visible or fluorescence 
20 spectrophotometric analysis to quantify the substrate R. 

24. A method according to claim 23 wherein the solid support Q is a resin bead having an 
average diameter in the range from 90jj.m to 250jj.m. 

25 25. A method according to claim 23 or claim 24 wherein the substrate R is present on each 
solid support in an amount of less than 5 nanomoles. 

26. A method according to claim 25 wherein the substrate R is present on each solid support 
in an amount of less than 2 nanomoles. 

30 

27. A method according to any one of claims 23 to 26 wherein the number of solid supports 
isolated is less than 10, for example less than 5. 

28. A method according to claim 27 wherein a single solid support is isolated and subjected 
35 to cleavage. 



29. A method according to any one of claims 1 to 7 and 23 to 28 wherein the connecting 
group Y. chromophore C~ and fragment Fr u are as defined in any one of claims 8 to 22. 

30. A method of identifying a pharmaceutical!)' useful substrate comprising preparing a 
library containing a plurality of chemical constructs as defined in any of claims 8 to 22, and 
subjecting the library to biological testing to identify biologically active substrates. 

31. A method according to claim 30 which includes the further step of formulating a 
biologically active substrate thus identified with a pharmaceutical^ acceptable carrier to form a 
pharmaceutical composition. 

32. An intermediate chemical construct for use preparing a chemical construct as defined in 
any one of claims 8 to 22, the intermediate construct having the formula Q-Y' wherein Y' is a 
reactive or protected form of the group Y. 

33. An intermediate construct of the formula Q-L ] -A p wherein Q and L 1 are as defined in 
any one of claims 8 to 22 and A p is a reactive or protected form of the spacer group A containing 
a chromophore C u and optionally a peak splitting isotopic label. 

34. An intermediate construct according to claim 33 having the general formula Q-I^-NCAlk 
- C U )-Alk-NH-X ] wherein Alk is an alkylene group and X 1 is hydrogen or an aralkyl group. 



